



















6LQFH &&6 LV D UDWKHU QHZ WHFKQRORJ\ XQFHUWDLQWLHV UHODWHG ZLWK WKH IXWXUH HYROXWLRQ RI D &2 VWRUDJH V\VWHP VKRXOG EH
DGGUHVVHGLQDV\VWHPDWLFIUDPHZRUN3HUIRUPDQFHDQGULVNDVVHVVPHQWIUDPHZRUNVDUHEHLQJFUHDWHGIRUWKHHYDOXDWLRQRIWKH
VDIHQHVV DQG HIIHFWLYHQHVV RI D &&6 SURMHFW 7KH UHFRPPHQGHG ILUVW VWHS RI WKLV IUDPHZRUN LV D TXDOLWDWLYH DQDO\VLV ZKLFK
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 )HUKDW<DYX](QHUJ\3URFHGLD   ± 
,QWURGXFWLRQ
7KH DFURQ\P³)(3´ UHIHUV WR ³)HDWXUHV´  ³(YHQWV´ DQG ³3URFHVVHV´ WKDW DUH UHOHYDQW WR GHVFULELQJ WKH VWDWH RI D
V\VWHPRILQWHUHVWDWDQ\WLPHDQGRUWKHWHPSRUDOHYROXWLRQRIWKDWV\VWHP$³V\VWHPRILQWHUHVW´FRXOGLQSULQFLSOH
UHIHUWRWKHREMHFWRIDQ\LQYHVWLJDWLRQ ,QWKHVFRSHRIWKLV VWXG\WKHµV\VWHPRI LQWHUHVW¶FRQVLVWVRIDOOHOHPHQWV
FKDUDFWHUL ]LQJ WKHVWRUDJHVLWH7KHDSSOLFDWLRQRI)HDWXUHV(YHQWVDQG3URFHVVHV )(3 WRGHVFULEHWKHHYROXWLRQRI
XQGHUJURXQG V\VWHPVRULJLQDWHV IURPEDVHFDVH7KLVHYROXWLRQLVFDOOHGDVFHQDULRZKHUHFDVHVSHFLILFHYHQWVZLWK
XQGHVLUDEOH RXWFRPHV DUH DGGUHVVHG 

'XULQJWKHHDUO\VWKH,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\,$($SXEOLVKHGD OLVWRIDERXWSKHQRPHQD
WKDWDUHSRWHQWLDOO\UHOHYDQWIRUGHVFULELQJUDGLRQXFOLGHUHOHDVHVIURPZDVWHUHSRVLWRULHV,$($ >@ >@ 
7KHSXUSRVHRIWKLVOLVWZDVWRFKHFNWKDWDQ\VDIHW\DVVHVVPHQWKDVFRQVLGHUHGDOOUHOHYDQWSKHQRPHQD $WDURXQG
WKHVDPHWLPHLQ WKH86$RQEHKDOIRI WKH861XFOHDU5HJXODWRU\&RPPLVVLRQDPHWKRGRORJ\IRUFRQVWUXFWLQJ
VFHQDULRVZDVGHYHORSHGE\6DQGLD1DWLRQDO/DERUDWRULHV61/&UDQZHOOHWDO  >@ 'XULQJWKLV ODWWHUZRUNDOLVW
RI  ³SRWHQWLDOO\ GLVUXSWLYH HYHQWV DQG SURFHVVHV´ ZDV SURSRVHG  6LPLODU OLVWV ZHUH DOVR SURGXFHG E\ PDQ\
(XURSHDQRUJDQLVDWLRQVFRQFHUQHGZLWKUDGLRDFWLYHZDVWHPDQDJHPHQWG¶$OHVVDQGURDQG%RQQH >@ 

 6LQFHWKLVHDUO\ZRUNWKHUHKDVEHHQFRQWLQXLQJLPSURYHPHQWRIPHWKRGRORJLHVIRU WKH GHYHORSPHQWRIVFHQDULR
DQDO\V LV :KLOHWKHGHWDLOVKDYHGLIIHUHGEHWZHHQSUR JUDPVLWKDVEHFRPHWKHQRUPWRDQDO\VH)(3 GXULQJ VDIHW\
DVVHVVPHQWV DQG SHUIRUPDQFH DVVHVVPHQWV UHODWHG WR WKH JHRORJLFDO GLVSRVDO RI UDGLRDFWLYHZDVWHV 3DUDOOHO WR WKHVH
GHYHORSPHQWVVLQFHWKHODWHVWKHUHKDYHEHHQDWWHPSWVWRGHYHORSD)(3DQDO\VLVPHWKRGRORJ\IRUXVHLQ&2
VWRUDJHSURMHFWVEDVHGRQ WKHPHWKRGRORJLHVEHLQJXVHG LQ WKH ILHOGRI UDGLRDFWLYHZDVWHGLVSRVDO ,QVSLUHGE\ WKH
2(&'1XFOHDU(QHUJ\$JHQF\)(3GDWDEDVH 1($2(&'>@ DJHQHULF)(3GDWDEDVHKDVEHHQGHYHORSHG
IRU DSSOLFDWLRQ WRSHUIRUPDQFHDVVHVVPHQWV DQG VDIHW\ DVVHVVPHQWV UHODWHG WR&2VWRUDJH:LOGHQERUJHW DO
>@6DYDJHHWDO >@ 

7KH )(3 DQDO\VLV DLPV WR FRQWULEXWH WR WKH VWUXFWXUHG HYDOXDWLRQ RI VWRUDJH SHUIRUPDQFH  ,Q SDUWLFXODU )(3
DQDO\VLVLVXVHGWRHQVXUHWKDWDOOSKHQRPHQDWKDWPLJKWLQIOXHQFHVRPHDVSHFWRIWKHSHUIRUPDQFHRIDVV\VWHPRU
VXEV\VWHPRI&&6KDYHEHHQFRQVLGHUHG $W712WK H&2)(3 DQDO\VLV ZDVLQWURGXFHGLQ  $ JHQHULF )(3
GDWDEDVH ZDV FUHDWHG IRU WKH JHRORJLFDOVWRUDJHRI&2VWDUWLQJIURPHDUOLHU VWXGLHV0XFKHIIRUWKDVEHHQSXWVLQFH
WKHQ WR HQKDQFH ERWK WKH FRQWHQW DQG WKH LQWHUIDFH LQFOXGLQJ GDWD DQG H[SHULHQFH IURP SUHYLRXV ZRUNVKRSV ZLWK
H[SHUWVRQ&2VWRUDJHDQGULVNPDQDJHPHQW  








 RI )(3 YLD D XVHU LQWHUIDFH DQG HYHQWXDOO\ SUHVHQWHG XVHUV D JUDSKLFDO RYHUYLHZ RI OLQNV




FRPSUHKHQVLYHDQGUREXVW 7KLV UHVXOWHG LQDQHZIU DPHZRUNRIDQ64/GDWDEDVHFRPELQHGZLWK ZHE LQWHUIDFHDQG
ZRUNVKRSYLVXDOL]DWLRQVRIWZDUH 
6FRSHRIWKHGHYHORSPHQW 
7KHPDLQSXUSRVHRIWKHQHZDSSURDFKL V WR IDFLOLWDWHDFRPSUHKHQVLYH WUDQVSDUHQWDQG WUDFHDEOHZD\ WR WKHXVHU
HJH[SHUWJURXSIRU VHOHFWLQJDQGFRPPHQWLQJRQ)(3 DQGWRHQDEOHWKHFUHDWLRQRI&2PLJUDWLRQSDWKVFHQDULRV 
$GGLWLRQDOO\WR  GDWDEDVH DQG LQWHUIDFH D FRPSOHWHZRUNVKRSPHWKRGZDVGHYHORSHG WR LQFOXGHH[SHUWRSLQLRQDQG WR
FUHDWH FRQVHQVXV RQ WKH UHOHDVHVFHQDULRV 
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 )HUKDW<DYX] (QHUJ\3URFHGLD   ±  
0HWKRGRORJ\
7KH&DUERQ6WRUDJH 6FHQDULR ,GHQWLILFDWLRQ)UDPHZRUN &$66,) <DYX]HWDO>@LVEDVHGRQWKHWKUHH
PDMRU&2UHO HDVH VFHQDULRV ZHOO IDXOWRU VHDO IURPZKHUH WKH UHOHYDQW ULVN IDFWRUVDUH LGHQWLILHG 7KH ULVN IDFWRUV 
RIWKHPDMRUVFHQDULRVIRUPWKHDVVHVVP HQWEDV LV7KHVWUXFWXUHRI&$66,)LVJLYHQLQ)LJ $TXHVWLRQQDLUHWREH
FRPSOHWHGE\WKHH[SHUWVKDVEHHQGHVLJQHGWR JHW DQLQLWLDORYHUYLHZRISRWHQWLDOO\LPSRUWDQWULVNIDFWRUV7KHQHZ
LQWHUIDFH IDFLOLWDWHV WKH RQOLQH XVH RI WKH )(3 GDWDEDVH DQG D ULVN WHUPLQRORJ\ JORVVDU\ 7RJHWKHU ZLWK UHDOWLPH
VFHQDULRIRUPDWLRQWKHVHLPSURYHPHQWVZLOOJUHDWO\HQKDQFHWKHVSHHGWUDQVSDUHQF\DQGFRPSUHKHQVLYHQHVVLQWKH
FUHDWLRQRIVXEVXUIDFH&2UHOHDV HVFHQDULRV  

7KHQHZ)(3 GDWDE DVH LV DYDLODEOH RQOLQH DQGGLIIHUHQW H[SHUWVFDQZRUN VLPXOWDQHRXVO\ $IWHUORJJLQJLQWRWKH
V\VWHPWKH\FDQZRUNWKHLUZD\WKURXJKDTXHVWLRQQDLUH  )(34XHVWDQG PDNH DSUHVHOHFWLRQ RI)(3 )(30DQ DV
DSUHSDUDWLRQWRWKHZRUNVKRS$GYDQWDJHVRIWKLVV\ VWHPDUHWKDWH[SHUWVKDYHHQRXJKWLPHWRSUHSDUHWKHZRUNVKRS
DQGGR QRWQHHGWRGRDGPLQLVWUDWLYHDFWLRQV OLNHUHFHLYLQJRSHQLQJDQGVHQGLQJWKHUHVXOWV ,QDGGLWLRQ WKHUHVXOWV
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 )HUKDW<DYX](QHUJ\3URFHGLD   ± 
 &UHDWLQJULVNDZDUHQHVV )(34XHVW 
)(34XHVW  )LJ LV DQ RQOLQH TXHVWLRQQDLUH FRQWDLQLQJ DERXW  TXHVWLRQV UHJDUGLQJ WKH H[LVWLQJ NQRZOHGJH
DERXWWKHVWRUDJHVLWH:LWKTXHVWLRQVUDQJLQJIURPLQIRUPDWLRQRQEDVLQJHRPHWU\WRVLWHDFFHVVLELOLW\WKHH[SHUWLV
EHLQJ HQFRXUDJHG WR VNLP WKURXJK KLV NQRZOHGJH ZKLFK VHUYHV WKH SXUSRVH RI SUHSDUDWLRQ RI WKH ZRUNVKRS 7KH
UHVXOWVRI WKLVTXHVWLRQQDLUH DUH WKHQHYDOXDWHG7KHDGYDQWDJHRIWKLV TXHVWLRQQDLUHLVWKDWSULRUWRPDQXDOVHOHFWLRQ
RI)(3DQGWKHZRUNVKRSLPSRUWDQW)(3FDQEHKLJKOLJKWHG DQGNQRZOHGJH JDSVFDQEHLGHQWLILHG)XUWKHUPRUHWKH 




























$IWHUFRPSOHWLQJ WKH)(3 4XHVWVRPH )(3 JURXSV DUHEHLQJKLJKOLJKWHG WRLQGLFDWHWKH QHHG IRU  H[WUDDWWHQWLRQ 
GHSHQGLQJRQDQVZHUVJLYHQE\WKHVLQJOHH[SHUW )LJ 7KHKLJKOLJKWLQJRI)(3LVEDVHGRQ DQLQWHUQDO TXDOLWDWLYH
VFRULQJV\VWHP(VSHFLDOO\ DQVZHUVWKDWLQGLFDWHXQFHUWDLQW\RQWKHTXDOLW\RI WKH VLWHGDWDZLOOUHVXOWLQ KLJKOLJKWLQJ 
RIWKHUHOHYDQW )(3DQGKHQFHLQGLFDWHDQHHGIRUGLVFXVVLRQGXULQJWKHZRUNVKRS([SHUWV DUHDVNHG WRORRNWKURXJK
WKH FRPSOHWH )(3 OLVW LQ WKH )(30DQ DQG VHOHFW D QXPEHU RI PRVW LPSRUWDQW )(3 EDVHG RQ WKHLU SHUVRQDO
H[S HULHQFH $IWHUWKHVHOHFWLRQWKHH[SHUWFDQVXEPLWWKHLUVHOHFWLRQ  

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([WHQGHG SDVW H[SHULHQFH KDV VKRZQ WKDW WKHUH DUHW KUHH PDMRU VFHQDULRV WKDW GHILQH WKH EDVH FDVHV IRU  &2 
UHOHDV HV:HOOFRQWDLQPHQW6HDOFRQW DLQPHQWDQG)DXOWFRQWDLQPHQW  7KHVHVFHQDULRV OHDG WKH IRUPDWLRQRI
RWKHU VFHQDULRV 7KHUHIRUH WKH ZRUNVKRS LV VSOLW XS LQWR WKUHH VHJPHQWV HDFK H[DPLQLQJ DQG GHVFULELQJ WKH
XQGHUO\LQJ)(3 
*HWWLQJ WKHSLFWXUH6FHQDULRIRUPDWLRQLQ98(
)RU GHVFUL ELQJ DQG VXPPDUL]LQJ WKH ZRUNVKRS ¶VGLVFXVVLRQVDQG VFHQDULRV EXLOGLQJ &$66,)PDNHVXVHRI WKH
SURJUDP98( 9LVXDO 8QGHUVWDQGLQJ (QYLURQPHQW >@7KLV WRRO FDQEHFDWHJRUL]HGDVDPLQG PDSSLQJWRRODQG
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 )HUKDW<DYX](QHUJ\3URFHGLD   ± 
SURYLGHVD IOH[LEOHYLVXDOHQYLURQPHQW IRU VWUXFWXUL QJSUHVHQWLQJDQGVKDULQJGLJLWDO LQIRUPDWLRQ7KHOLVWRI)(3
WKDWLVFUHDWHGIURP)(3PDQLVSUHVHQWHGKHUHDQGFDQEHXVHGDVDVWDUWLQJSRLQWRIVHOHFWLQJ)(3 

7KH SURJUDP IDFLOLWDWHV WKH DGGLWLRQ RI OLQNV WR ILOHV ZHEVLWHV RU SLFWXUHV DQG WR DGG GHVFULSWLYH WH[WV ZHUH





)LJXUH 9LVXDOLVDWLRQRI D VFHQDULREXLOGLQJXVLQJ98(6RIWZDUH

5HVXOWVRIWKHZRUNVKRS 
7KHUHVXOWVRIWKHZRUNVKRS PD\YDU\GHSHQGLQJ ODUJHO\RQWKH RULJLQDO SXUSRVH ,QLWVLPSOHVWIRU PWKHUHVXOW LV 
FRQVHQVXV  RQDVHWRI)(3 EDVHG VFHQDULRV WKDWGHVFULEH WKHSRVVLEOHZHDNQHVVHV LQ D VWRUDJHVLWH 0DMRUGHFLVLRQV
DUHUHFRUGHG7KH OHYHORIGHWDLOFDQYDU\DQGGHSHQGRQ WKHUHTXLUHPHQWVIRUDVSHFLILFVWRUDJHVLWH0DQ\RSWLRQV 
FDQ EH DGGHG OLNH OLQNV WR PLWLJDWLRQ DQG FRQWURO V\VWHPV OLQNV WR UHIHUHQFHV LQ OLWHUDWXUH DQG HYHQ QXPEHUV
GHSLFWLQJ WKH DFWXDO ULVN RI DQ HYHQW WR KDSSHQ  'LIIHUHQW VWUDWHJLHV FDQ EH IROORZHG WR REWDLQ WKH UHVXOWV DQG LW
GHSHQGVRQ WKHFRPSOH[LW\ DGHVLUHGFRPSUHKHQVLYHQHVVRIWKHRXWFRPHZKLFKWRWDNH 
&RQFOXVLRQV
:KHQDSSOLHGDV LW¶VPRVWRSWLPLVHGµIRUPXOD¶ D)(3 DQDO\VLVLVDQ HIILFLHQW PHWKRGWREULGJHWKHJDSEHWZHHQ
WKHVHPL TXDOLWDWLYH DQG TXDQWLWDWLYH DSSURDFKHV WRZDUGV FDUERQ VWRUDJH SODQV  %\ LWVHOI D )(3  GDWDEDVH VKRXOG
QHYHUEHFRQVLGHUHGDVDVWUXFWXUHGDQGVWDWLFFKHFNOLVW IRUHLWKHUSURMHFWGHFLVLRQPDNHUVRUJHRORJLVW JHRFKHPLVWV




8VLQJ&$66,)DVDGHFLVLRQWRRO )(3 DQDO\VLVLVDQRSSRUWXQLW\WR 

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&KRRVLQJ DPRQJ VHYHUDO DOWHUQDWLYH VWRUDJH VLWHV &$66,) VXSS RUWHG )(3 DQDO\VLV SURYLGHV DVWUDLJKW IRUZDUG
FRPSDULVRQ&RQVLGHULQJDFKRVHQVLWHWRIXUWKHULQYHVWLJDWH WKHGDWDEDVHFDQEHXVHGWRIRFXVRQWKH³ NQRZQV ´DQ
³XQNQRZQV ´ UHJDUGLQJ WKH SUHVXPHG DQG UHTXLUHG VLWH SHUIRUPDQFH 'HYHORSPHQW RI &$66,) ZLOO E H IXUWKHU
GLUHFWHG WR LPSURYH WKH OLQNV EHWZHHQ TXDQWLWDWLYH DVSHFWV DOEHLW WKDW WKH VWDWLVWLFV WKHUHE\ XVHG DUH IHG E\
LQIRUPDWLRQRXWSXW RIRWKHUVSHFLDOLVWPRGHOV 

)XWXUH GHYHORSPHQWV ZLOO LQFOXGH D PRGXOH DGGUHVVLQJ PRQLWRULQJ RSWLRQV )(30RQ DQG  WKH TXDQWLILFDWLRQ RI
ULVNVXVLQJDSUREDELOLVWLFDSSURDFK)(3&KDLQ
5HIHUHQFH 
>@ <DYX] ) 9DQ 7LOEXUJ 7 'DYLG 3 6SUXL MW 0 :LOGHQERUJ 7  6HFRQG *HQHUDWLRQ &2 )(3
$QDO\VLV&$66,)  &DUERQ 6WRUDJH 6FHQDULR ,GHQWLILFDWLRQ )UDPHZRUN ±,Q WHUQDO 712 5HSRUW  85%
8WUHFKW WKH1HWKHUODQGV 

>@ ,$($  6DIHW\ $VVHVVPHQW IRU WKH 8QGHUJURXQG 'LVSRVDO RI 5DGLRDFWLYH:DVWHV ,QWHUQDWLRQDO $WRPLF
(QHUJ\$JHQF\6DIHW\6HULHV5HSRUW1R,$($9LHQQD 

>@ ,$($  &RQFHSWV DQG H[DPSOHV RI VDIHW\ DQDO\VHV IRU UDGLRDFWLYH ZDVWH UHSRVLWRULHV LQ FRQWLQHQWDO
JHRORJLFDOIRUPDWLRQV,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\6DIHW\6HULHV5HSRUW1R,$($9LHQQD 

>@ &UDQZHOO 50 *X]RZVNL 59 &DPSEHOO -( DQG 2UWL] 15  5LVN PHWKRGRORJ\ IRU JHRORJLF
GLVSRVDO RI UDGLRDFWLYH ZDVWH VFHQDULR VHOHFWLRQ SURFHGXUH 5HSRUW RI 86 1XFOHDU 5HJXODWRU\ &RPPLVVLRQ
185(*&56$1'15&:DVKLQJWRQ'& 

>@G¶$OHVVDQGUR0 %RQQH$5DGLRDFWLYH:DVWH'LVSRVDOLQD3ODVWL F&OD\)RUPDWLRQ$ VLWH VSHFLILF
H[HUFLVHRISUREDELOLVWLFDVVHVVPHQWRIJHRORJLFDOFRQWDLQPHQW+DUZRRG$FDGHPLF3UHVV1HZ<RUN 

>@1($2(&')HDWXUHV(YHQWVDQG3URFHVVHV )(3V IRU*HRORJLF'LVSRVDORI5DGLRDFWLYH:DVWH $Q
,QWHUQDWLRQDO 'DWDEDVH 1($ 2(&' 5HSRUW 1($  1XFOHDU (QHUJ\ $JHQF\  2UJDQLVDWLRQ IRU (FRQRPLF
&RRSHUDWLRQDQG'HYHORSPHQW3DULV)UDQFH 

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